Abstract. In order to protect the ship' s magnetic field information from detection, a method is proposed to camouflage both the amplitude and curve of ship's magnetic field based on multi-objective genetic algorithm. The example shows that the method can camouflage the ship's magnetic amplitude and curve feature effectively, the multi-objective genetic algorithm can avoid the subjective of weight distribution in the unified objective method and the alternative Pareto disaggregation can be found, which is more adaptable for application requirement.
Introduction
The ship's magnetic field is the stable signal source of underwater martine magnetic weapons, the magnetic field features can be obtained after analysis of a large number of magnetic field data, which can be used as the accurate technologic reference (such as sensitivity) for designing and operating magnetic weapon, or to establish the date base for surveillance and identification [1] [2] [3] . To protect magnetic field form being detected, in this paper, the multi-objective genetic algorithm was used to calculate and adjust the degaussing coil's currents to control magnetic amplitude and the features of curve into a camouflage condition. The multi-objective genetic algorithm can avoid the subjective of weight distribution in the uniform objective method. And also, the alternative Pareto disaggregation can be found, which is more adaptable for application requirement.
Mathematical model of ship's magnetic field camouflage
Degaussing system decrease the ship magnetic field by the opposite magnetic field generated by degaussing coils' current. The adjustment of degaussing coils equals that each coil is correctly distributed current to minimize the error between the magnetic field of ship and that generated by all the coil together [4] . Thus, the ship culminates in terms of degaussing. 41 observation points are chosen，which are evenly distributed within the twice of the ship length range under the keel at the standard measure depth, after degaussing system is on, the vertical magnetic field of the ship is and its amplitude is . when degaussing system is off, the ship's vertical magnetic field is and its amplitude is . Because the distinction of magnetic field amplitude and magnetic field curve is closely related to the performance of magnetic weapons, the camouflage is mainly focused on the magnetic amplitude and curve. After the camouflage, the vertical magnetic field is and the amplitude is . In order to keep the diversity of camouflage, it can preset various camouflage magnetic field amplitude based on the requirements, and the should be larger than , and less than . The camouflaged objectives are 1) Minimize the absolute error between and :
2) Maximize the average error between the normalized magnetic field absolute value of and :
The equation above can be transferred into founding the minimum:
In the equation, is the serial number of the observation points and = 41 is the total number of the points.
When it is to solve the multi-objectives optimization, it is more simple to sum up all the objectives into a uniform objective by weight distribution，while the weight is susceptible to subjectivity. The multi-objective genetic algorithm connects the Pareto domination theory in economics and the genetic algorithm, which can find out the Pareto disaggregation, so it is more pragmatic. As follows is the calculation steps of the multi-objective optimization function gamultiobj in MATLAB and improved based on NSGA-II [5] .
• Make sure the constraint type;
• Generate the original population;
• Population revolution: choice, crossover, mutation, generation of sub-population, combination of original population and sub-population, calculation of rank and distance, non-dominated rank, calculate of crowding distance, trim population, calculate of average distance and spread;
• Plot the first front; Judge the termination condition: If satisfied, the Pareto optimum result comes out; If not satisfied, the population revolution goes on. The calculation steps of the coils' currents by function gamultiobj in the process of ship magnetic field camouflage is illustrated in Fig. 1 . [6] [7] [8] .
In this paper, the ship model is equipped with a total of 31 sets of coils. The coils' currents range is -5 A-5 A, which the degaussing supply supplies. The magnetic field of individual coil is measured by three components magnetic sensor in the laboratory, the observation points are evenly distributed within the twice of the ship length range under the keel at the standard measure depth, then the magnetic value could be calculated when the coil current is 1 A, which is called as coil's efficiency. The typical vertical, athwartship and vertical coil's normalized efficiency is shown in Fig. 3 , in which the normalized efficiency is the ratio of each coil efficiency to the maximal value of all the three coils efficiency.
The main parameters of gamultiobj as shown in Table 1 . 
Results analysis
During a camouflage process, preset = 1.4 * , calculation result in this camouflage mode as shown in Fig. 4 .
It is observed from Fig 4 that the multi-objective genetic algorithm can find the Pareto solutions within the specified maximum number of iterations, the distribution of ( ) in the solutions is wide (between 0-30 nT) but smaller magnitude, Which indicates that the amplitude of the magnetic field of the ship is close to the preset false magnetic field amplitude; the distribution of ( ) is relatively concentrated, and the change of of ( ) is no longer obvious when ( ) is Multi-objective genetic algorithm can obtain alternative solutions, which can be selected according to the actual application. For the purpose of camouflage, it has been able to effectively achieve magnetic field amplitude camouflage, when the absolute error ( ) between the amplitude of the ship's magnetic field and the preset false amplitude is less than 10 nT. Therefore, the final solution of the magnetic field camouflage can be chosen according to the following steps: first of all, choose solutions when the ( ) less than 10 nT, and then choose the solution when ( ) is smallest, and use the coils' currents corresponding to the final solution to calculate the ship magnetic field in the camouflage mode. From Fig. 5 , It can be seen that the amplitude of the magnetic field can be controlled well at a preset false level in the camouflage mode, and between the amplitudes of the ship magnetic field before and after the degaussing system is turned on; when camouflaged, the magnetic field curve changes obviously compared with degaussing system opened. 
Conclusions
By controlling the coils' currents of the onboard degaussing system, an effective camouflage of the magnetic field amplitude and the curve characteristics of the ship is realized. The multi-objective genetic algorithm can avoid the subjectivity of the weight assignment in the unified objective method, which can obtain alternative solutions, and the solutions are more in line with the actual demand. 
